To assess the relationship of treatment effects between immune checkpoint inhibitor (ICI) and salvage chemotherapy, with the safety profile of salvage chemotherapy. Patients & methods: 18 patients with advanced NSCLC treated using salvage chemotherapy following ICI treatment were retrospectively included. We assessed the overall response rate to and adverse events of salvage chemotherapy. Results: The overall response rate to salvage chemotherapy was 33.3% and that of ICI responders was significantly higher than that of ICI nonresponders (66.7 vs 16.7%, respectively, p = 0.03). The incidence rate of adverse events to salvage chemotherapy was 55.6%. Conclusion: The efficacy of salvage chemotherapy was similar to that preceding ICI. Moreover, the safety of salvage chemotherapy was good.
Immune checkpoint inhibitors (ICI) are prevalent and are often used to treat advanced NSCLC, not only as a second-line or later treatment but also as a first-line treatment. The duration of the disease control is long for high responders to ICI treatment; however, most patients do not achieve a satisfactory benefit from the treatment because the overall response rate (ORR) to ICI is 18.0-22.0% [1] [2] [3] . Thus, salvage chemotherapy is commonly administered to patients resistant to ICI. The most common type of chemotherapy after ICI and its efficacy were previously unknown, although several recent studies have showed improvements in ORR to salvage chemotherapy following ICI, platinum-based doublet or single agent. Conversely, the ORR to conventional chemotherapy alone as a second-line or later treatment not following ICI treatment is lower than the ORR to its use as a first-line treatment; the ORRs to carboplatin + pemetrexed (CBDCA + PEM), docetaxel and PEM are 12.6%, 15.0-22.0% and 9.1% [4] [5] [6] , respectively, although the ORR to salvage chemotherapy following ICI is higher (ORR: 39.0-46.9%) [7, 8] . However, the conditions of good responders to salvage chemotherapy and the safety profile of salvage chemotherapy remain unclear. Herein, we report the relationship of treatment effects between ICI and salvage chemotherapy, and the safety profile of salvage chemotherapy following ICI.
Patients & methods

Patient selection & data collection
This was a retrospective cohort study. We obtained information about the patients from their medical charts. This study included patients with stage IV or unresectable stage III or postoperative recurrent NSCLC treated with ICI and following chemotherapy at the Japanese Red Cross Medical Center between January 2016 and August 2018. To allow comparison with the treatment effects of conventional chemotherapy as a second-line or later treatment that were previously reported, patients were excluded if ICI was administered as a first-line treatment. Additionally, patients who received salvage chemotherapy after ICI and who were diagnosed with progressive disease (PD) despite preceding efficacy of tumor reduction were selected and classified into two groups -responders (best overall response of ICI was partial response [PR]) and nonresponders (best overall response of ICI was stable disease [SD] or PD) -to investigate the factors influencing the efficacy of salvage chemotherapy. PD-L1 testing was performed by the companion diagnostic antibodies '22-C3'. Chemotherapy after ICI included cytotoxic anticancer agents (platinum-based and single agents) that immediately followed immunotherapy but not molecular-targeted drugs. We computed the ORR to ICI and salvage chemotherapy, and the patients' response to treatment was assessed based on the Response Evaluation Criteria in Solid Tumors Version 1.1 (RESIST v1.1) by the attending physician. Adverse events that occurred during the observation period were assessed based on the National Cancer Institute Common Terminology Criteria for Adverse Events (Version 4.0).
Ethical considerations
This retrospective study was approved by the institutional review board of the Japanese Red Cross Medical Center (No. 911) and was registered with the University Hospital Medical Information Network (UMIN000033594).
Statistical analysis
To evaluate the factors associated with a high response to salvage chemotherapy following ICI, we used Fisher's exact test for categorical data and the Mann-Whitney U test for numeric data. The ORR to salvage chemotherapy was compared using the chi-square test. The descriptive statistics presented in this study includes mean, frequency and percentage. The correlation between the best percentage changes of ICI and salvage chemotherapy was analyzed using Spearman's rank correlation. All reported p-values are two sided with a p-value of <0.05 being considered statistically significant. All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (the R Foundation for Statistical Computing, Vienna, Austria).
Results
Patient baseline characteristics
Fifty-nine patients were treated with ICI for advanced NSCLC; however, 15 patients were excluded because ICI was administered as a first-line treatment (N = 11) or ICI was being administered without PD (N = 4) till 30 September 2018. One patient received a molecular-targeted drug immediately after ICI. Of the remaining 43 patients, 18 received salvage chemotherapy and were included in this study. All patients received platinum doublets preceding ICI, and their baseline characteristics at the time of receiving ICI are described in Table 1 .
Treatment data & efficacy
All 18 patients who received salvage chemotherapy following ICI were treated with nivolumab. The median number of ICI treatment courses was seven courses (range: 2-26 courses). The ORR to ICI was 33.3% (PR: N = 6, SD: N = 6, PD: N = 6). Of the 18 patients, 6 received platinum doublet chemotherapy (CBDCA + nab-paclitaxel [CBDCA + nab-PTX]: N = 4, CBDCA + PTX + bevacizumab [CBDCA + PTX + BEV]: N = 1, CBDCA + PEM: N = 1) and 12 received nonplatinum therapy immediately after ICI (docetaxel ± ramucirumab: N = 6, tegafurgimestat-ostat potassium (TS-1): N = 5, PTX + BEV: N = 1). The median number of chemotherapy treatment courses was four (range: 1-12 courses) and the median length of time from the last ICI administration to the start of chemotherapy was 1 month (range: 0.5-11 months). The ORR to chemotherapy following ICI was 33.3% (PR: N = 6, SD: N = 7, PD: N = 5). The results of factors by response to salvage chemotherapy following ICI treatment are described in Table 2 . The efficacy of salvage chemotherapy did not significantly depend on the time from the end of ICI treatment to the start of salvage chemotherapy (p = 0.547). The kind of salvage chemotherapy was also not significantly correlated with its efficacy (p = 0.245). However, the ORR to platinum doublet treatment tended to be higher than that to nonplatinum doublet treatment (ORR: 50.0 vs 25.0%, respectively). Remarkably, the efficacy of ICI was associated with the response to salvage chemotherapy. The ORR to salvage chemotherapy of ICI responders was significantly higher than that of ICI nonresponders (66.7 vs 16.7%, respectively, p = 0.03, Table 2 ). Moreover, the efficacies of ICI and salvage chemotherapy were similar. There was a significant correlation between the effects of ICI and salvage chemotherapy (rs: Spearman's rank correlation coefficient = 0.596; p = 0.021; Figure 1 ). As shown in Figure 1 , three patients were excluded because they did not have any valuable target region wherein we could measure the best percentage changes of salvage chemotherapy. However, they had new lesions of lung cancer after receiving salvage chemotherapy and had efficacies of PD in response to salvage chemotherapy based on the RESIST v1.1, as noted by the attending physician. The incidence of grade 3 or worse adverse events in response to salvage chemotherapy was 55.6% (N = 10) and the most common adverse event was neutropenia (27.8%, N = 5); other events included anemia, thrombocytopenia, gastrointestinal disorder, neuropathy, pneumonitis, skin disorder and sepsis (5.6%, N = 1, each; Table 3 ). The incidence of immune-related adverse events in response to ICI and the response to salvage chemotherapy were not significantly associated with the adverse events to salvage chemotherapy (p = 0.294, p = 0.620, respectively). However, none of the ICI responders experienced grade 3 or worse adverse events in response to salvage chemotherapy (p = 0.001).
Discussion
In this study, the ORR to salvage chemotherapy following ICI tended to be higher than that to second-line or later chemotherapy not following ICI, as previously reported [7, 8] . Additionally, the efficacy outcomes to ICI were significantly associated with the response to salvage chemotherapy, and the response to salvage chemotherapy was similar to that preceding ICI. The safety of salvage chemotherapy was comparable to that of chemotherapy not following ICI, given prior to ICI, as previously reported [4] [5] [6] 9] . 
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Figure 1. The correlation between the effects of immune checkpoint inhibitor and salvage chemotherapy.
The x-axis represents the best percentage changes in the target legions from baseline by ICI, and the y-axis represents those by salvage chemotherapy. There was a significant correlation between the effects of ICI and salvage chemotherapy (rs = 0.596; p = 0.021). ICI: Immune checkpoint inhibitor; rs: Spearman's rank correlation coefficient. Table 3 . Adverse events of salvage chemotherapy following immune checkpoint inhibitor treatment.
Variables
Grades 3-5 (%) Data are presented as n (%); n = 18.
Our results showed that the ORR to salvage chemotherapy following ICI tended to be higher (33.3%) than that to conventional chemotherapy not following ICI (9.1-22.0%) [6] [7] [8] , which is in agreement with the results of the previous studies [7, 8] . No correlation was found between the ORR and the type of cytotoxic agent used; however, the ORR to platinum doublet treatment tended to be higher than that to nonplatinum doublet treatment. A previous study also reported that the treatment effects of platinum doublets were significantly higher than those of nonplatinum doublets [8] ; thus, to increase treatment efficacy, it is preferable to use platinum-based agents when possible for advanced NSCLC patients who have good performance status and organ function after failure of ICI treatment.
The mechanism for the effectiveness of salvage chemotherapy is thought to be due to the synergistic effect between ICI and salvage chemotherapy. Several studies have suggested immunological effects of chemotherapy, including reduced T-regulatory cell activity and increased neoantigen expression, antigen cross presentation and regulation of PD-L1 expression in tumor cells [10] [11] [12] [13] [14] . As for clinical trials, combined platinum-based doublet and ICI treatment as a first-line treatment was reported to be effective in both the KEYNOTE-189 and IMpower150 studies [15, 16] . Additionally, the KEYNOTE-024 study compared the combined progression-free survival (PFS) for first-line and PFS for second-line (PFS2) treatment and found that PFS2 was longer in patients who received salvage chemotherapy following pembrolizumab than in patients who received pembrolizumab after chemotherapy [17] . The results suggest a synergistic effect between ICI and salvage chemotherapy in patients who received preceding pembrolizumab.
Moreover, the efficacy of ICI was significantly associated with the efficacy of salvage chemotherapy in our study. In a previous study, the response to anti-PD-1 was reportedly not significantly associated with the response to salvage chemotherapy; however, this result was thought to be caused by bias of the efficacy outcomes according to ICI (no PR; SD 50% and PD 50%) [7] . Similar to our study, in another previous report, the ORR to salvage chemotherapy of responders to ICI was higher than that of nonresponders to ICI. This should be further investigated in a large-scale prospective study as all previous studies were retrospective studies, each including a relatively small sample size. However, our study results suggest that the synergistic effect between ICI and salvage chemotherapy is stronger when the treatment effect of ICI is higher. It is possible that this outcome may be useful for predicting the prognosis of patients who have experienced treatment failure with ICI.
The safety of salvage chemotherapy was similar to that of chemotherapy not following ICI, as previously reported [4] [5] [6] 9] . In the present study, none of the ICI responders experienced grade 3 or worse adverse events in response to salvage chemotherapy. This is thought to be related to the good performance status of ICI responders and is a potential factor influencing the good effects of salvage chemotherapy in ICI responders.
The limitations of our study include the small sample size and the strict selection criteria for patients. In this study, 11 patients who were administered ICI as a first-line treatment were excluded; however, it is important to note that the number of patients who are administered ICI as a first-line treatment is increasing. Further investigation with a larger sample size including those who were administered ICI as a first-line treatment is needed. Additionally, the ORR to nivolumab in our study was higher than that in the previous studies despite the high percentage of nonsmokers [18, 19] . As we compared the patient characteristics of our study with those previous studies, there seems to be significant difference, not in age or performance status but in race. Almost all patients in our study were Asians, while almost all patients in the previous studies were whites. We guess it may have made a little difference; however, the other previous study reported that the ORR to nivolumab in Japanese with advanced NSCLC was similar to whites with advanced NSCLC [20] , and the factor most influencing to our results was the limitations of our study including the small sample size and the highly selected cohort of patients.
Conclusion
The response to chemotherapy after failure of ICI treatment was high and the efficacy outcomes of salvage chemotherapy were similar to those preceding ICI. Further, the safety of salvage chemotherapy following ICI treatment was good. These findings are valuable for prognostic prediction in patients who experience disease progression with ICI treatment.
Future perspective
ICI are prevalent and are often used to treat advanced NSCLC, not only as a second-line or later treatment but also as a first-line treatment. Our outcomes are valuable for the prognostic prediction in patients who have experienced disease progression after ICI treatment.
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Executive summary
• The efficacy of salvage chemotherapy following immune checkpoint inhibitor (ICI) is reportedly better than that of conventional chemotherapy as a second-line or later treatment not following ICI in patients with NSCLC. • However, the characteristics of good responders to salvage chemotherapy and the safety profile of salvage chemotherapy remain unclear. • Therefore, we report on the relationship of treatment effects between ICI and salvage chemotherapy, with the safety profile of salvage chemotherapy following ICI treatment. • The overall response rate to salvage chemotherapy of ICI responders was significantly higher than that of ICI nonresponders (66.7 vs 16.7%, respectively; p = 0.03) and the efficacies of ICI and salvage chemotherapy were similar. • The incidence rate of grade 3 or worse adverse events to salvage chemotherapy was 55.6% (N = 10) with no ICI responders experiencing such events to salvage chemotherapy (p = 0.001). • The efficacy of ICI was significantly associated with a patients' response to salvage chemotherapy and the efficacy of salvage chemotherapy was similar to that preceding ICI. Moreover, the safety of salvage chemotherapy was good. • Our outcomes are valuable for the prognostic prediction in patients who have experienced disease progression after ICI treatment.
